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Abstract: (-)-Drhydroedulan II and related compounds were synthesized from (Z?R,l’RS)- 
drhydro-a-ronol, whrch was prepared by hpase-catalyzed enantroselecave transestenficatton of 
the corresponding dtastereomenc mixture as the key-step Fungal allyhc oxrdatton of (-)- 
hhydtoedulan II worked well to afford a correspondmg alcohol as well as (+)-dthydroedulan-8- 
one 

Introductwn 

Dthydroedulan II (1) and related compounds (2,3a) arc degraded carotenotds, which have been tsolated as 

volaale components from the haupenctls of butterflies, Euploea klugu (for 1 and 3a)l and Danaus plextppus 

(for 2) 2 The rsolaaon of dthydroedulan II (1) and tts Qastereomer from the lmce of Passflora eduhs3 and the 

herb4.5 was also reported Smce these compounds are the trace components of the whole volattles, few 

synthenc studies have been reported so far l-3 Fran&e and coworkers1 determmed the absolute conflgurauon 

of 3a as depicted m Ftg 1 However, the absolute configurattons of other compounds are left unknown 

Since tt 1s supposed that these compounds have close relauonshrps wrth each other, the common absolute 

conflguratron for carbon skeleton is assumed to be the same Here we report the syntheuc study of these 

compounds m optrcally acttve forms, which would clanfy the stereochermstry of natural products as well as 

then physrologtcal functton 111 msects 

(-)-Drhydroedulan II 1 2 3a 

Fig. 1. Dihydroedulan II and Related Compounds 

t Preparation of Enanuomencally Ennched Compounds by Usmg Enzymes. Part 13 For Part 12, Suga, T , We-be, N , 

Oh@ H Termhedron Asymmetry, 1991.2.371 The expenmental part was taken from the B SC thesis of T Y (March, 1991) 
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synthetic Plan 

As mentloned above, Francke and co-workers accomphshed the synthesis of optically active forms of 

these tiydroedulan denvatwes startmg from (R)-a-lonone (A) 1 The key-mtexmerllate 4a and Its eplmer (C). 

resulted from the cychzahon of dlol B, could be separated each other and 4a was converted to final products 

(scheme 1) However, smce the major interest of the= synthesis was the structural determmanon of natural 

products, the e es of the final products were as low as ca 20%, reflectmg the e e of the startmg matenal Our 

synthetic plan 1s also shown m scheme 1 If the cychzatlon of dtol mtermehate (D) possessing a suitable 

leavmg group (=X) takes place m an sN2 fashion, rt 1s expected that Francke’s key-mtenntiate 4a would be 

efficiently obtamed Our recent stu&es on “preparation of enantlomencally ennched compounds by using 

enzymes” were planned to be applied for the preparanon of the startmg matenal, (2R,l’R) hhydro-a-lonol 

(E) 

Francke et al (1990) 

’ - a..,,, = gs - w 
iHe OH D E 

4a X: leavmg group 

Scheme 1. Synthetic Plan 

Attempted Blochemzcal Reduction of (f)-a-lonone 

The first attempt was the yeast reduction of commercially avnlable (f)-a-ionone (5) It 1s well known that 

the stereochenucal course of the reduction of simple ketone by yeasts generally obey the “Prelog’s rule” 6 In 

contrast, Plchra mlso IAM 4682 have been revealed to afford (R)-alcohol when a simple alkenyl methyl 

ketone was reduced 7 This strain was therefore applied expectmg that (2R)-a-lonol (6a) having the desired 

stereochemistry would be obtained The reduction of (f)-5 was achieved by using cells m stationary phase to 

give an inseparable nuxture of alcohols (15%) The ratio of the dlastereomers was revealed to be ca 77 9 9 
5, by the 400 MHz tH NMR spectrum of the correspondmg (R)-a-methoxy-a-tnfluoromethylphenylacetlc 

acid (MTPA)* ester The absolute conflguratlon of the resulting asymmetnc carbon (C-2 posmon) of the 

major isomer was esumated to be R, by the chemical shift of C&CH(OMTPA)- proton compared to the 

previous examples779 (see Expenmental) The absolute configuration of another asymmetnc center, existing 
on the SIX membered nng (C-l’) of the alcohol was determined after oxldatlon to a-lonone To our 

dlsappomtment, the present sample of a-lonone showed Its specific rotation -220’ (ethanol) which indicated 

that It was the (S)-isomer of 55% o p [(R)-isomer +421° (ethanol)] 10 This implies that a kinetic resolution 
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took place durmg the reduction, dlstingulshmg the rather remote asymmetric center from carbonyl group. The 

absolute confimtmn of recovered ketone after yeast reduction was R as expected. However, it was rather 

Qfficult to achieve suffictent conversion to obtam (R)-5 of high o p 

+ other alcohols + 

6a 

6a R=H 
6b R=(R)-MTPA 

(R)-5 

b; 

a) P&a rn~o IAM 4682 b) MnO2/Et20 

Scheme 2. Attempted Biochemical Reduction of (f)-a-Ionone 

At this point, we turned our attention to the preparanon of (2R,l’RS)-dlhydro-a-lonol instead of (2R,l’R)- 

Isomer, since the unwanted dlastereomer (enr-C) derived from (2R,l’S)-Isomer could be removed at the later 

stage 

Preparation of (2R,l’RS)-Dlhydro-a-ronol by Usrng Llpase 

The preparation of (2R,l ‘RS)-dlhydro-a-lonol (7a) was successfully achieved by lrpase-catalyzed 

enantioselective transestenficationCf ll.12 as the key-step (scheme 3) When a mixture of (2R,l’RS)- and 

(2S,l’RS)-7a was treated with hpase PS (Amano, from Pseudomonas) and vinyl acetate (22’C, 24 h), 

recovered alcohol (cu 50%) &d acetate 7c (cu 50%) were obtatned The former was revealed to be an almost 

1 1 rmxture of two major dlastereomers by 1H NMR analysis of the correspondmg (R)-MTPA ester 7b Agrun 

Judged from the chermcal shift of C&CH(OMTPA)- proton (see Expenmental), the alcohols were assigned to 

be (X, 1 ‘R)- and (2&l ‘S)-isomers This assumption IS consistent with the empmcal rule that in the acylatlon 

of simple methyl alkyl (alkenyl) carbmols, Pseudomonas hpase catalyzes the reaction of (R)-enanaomer faster 

than that of (S)-enantlomer The absolute configuranon of recovered alcohol was therefore tentatively 

assigned to be S The e e (de ) concemmg C-2 was estimated to be 94% by companng gemmal &methyl (C- 

6’) proton due to two major dlastereomers and two mmor dlastereomers (97 3) On the other hand, the 

acetate thus obtamed, consisted of (2R,l’R)- and (2R,l’S)-isomer, Judged from its 1H NMR spectrum of the 

correspondmg (R)-MTPA ester, which was prepared VUI methanolys~s and subsequent MTPA estenfication 

The e e (de ) concerning C-2 was 96% 

Next, transformation of both of the resolved products mto dlhydro-a-lonol possessmg desired 

configuration was camed out Hydrolysis of the acetate 7~ to 7a was performed m buffer soluuon by using 
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a) c (2JZ,l’RS)-7a R=H 8a 8b 
(2R,l’RS)-7d R=Ts 

9a 9b 

4a R=H (35%) 
4b R=(R)-MTPA 

a) TsCl/Py, CH,Cl,, 94% b) MMPP/I-PIOH, HZO, 64% 
c) HClO‘,/I’HF, H,O, 60% d) NaIVl-HF 
e) 003, H#O,, HzO/acetone, 96% f) Tosylhydorazme/aqMeOH 
g) NaH/toluene, 37% from 11 

Scheme 4. Synthesis of Dlhydroedulan II 

NMR spectrum of 4a was comclded with that reported by Francke er al 1 Its [a]D value [-1 3’ (ethanol)], 

however, was not m good accordance with the one esamated from Francke’s value [-1 0” (ethanol) for cu 20% 

e e ] The e e of our sample was confirmed to be over 99%. Judging from NMR spectrum of its (R)-MTPA 

ester 4b. This fact shows that the cychzation proceeded vlu complete SN~ fashion Since the sign of the 

rotation for our sample was minus and coincided with Francke’s one, the assumption for the absolute 

configuration of the startmg material was proved to be correct This was supported by the fact that our 
dlastereomenc alcohol 10 [[aID +8 7’ (ethanol)] was m relahon to the enanttomer of Francke’s sample [[a]D 

-1 501 
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The alcohol & was ox&z?d to ketone 11 (%a) by c!XOj-&SO4 This was also a crystalhne matenal and 

could be punfied by recrystalhzatlon. Bamfoxd-Stevens reacnont of the correspondmg tosylhydrazone 

afforded &hydmedulan II [l, 37%, 2 steps, [U]D -26 2” (pentane)] after chrmnatographlc punficabon followed 

by Qsttllation (GLC smgle peak) 

Synthesis of (+)-Dlhydroedulan-g-one 

The next task was the mtroductlon of oxygen atom to &hydroedulan II (1) Francke et al employed t- 

butylhydroperomde and chrommm hexacarbonyl for the allyhc oxldaaon t They could obtain dthydroedulan- 

g-one (2). but the yteld and the specific rotation of the product were not described We planned to apply 

fungal oxldatton system for the allyhc oxldatlon, which had recently been developed for the funcnonahzanon 

of lonones 16 Dunng the course of screening for the oxidation of a-lonone, a stram of Aspergrllus mger was 

found as the most potent rmcroorgamsm To know the scope and hrmtatlon of this nucrobtal oxtdatton, (-)- 

hhydroedulan II (1) was incubated with the fungus Fortunately, it accepted this substrate, to afford alcohol 

12 (32%) as well as Qhydroedulan-g-one (2, 13%). although the yield was not so high probably because of the 

volatthty of the substrate The onentanon of newly mtroduced hydroxyl group m 12 was assigned to be a 

(8S), by NOE measurement (see Expenmental) The stereochermsay 1s agreeable with the emptrtcal rule 

denved from the study on the bmchemlcal oxldatlon of structurally related cyclohexane denvattves 17 

Alcohol 12 was cleanly ox#zed with Mn02 to afford 2 (73%) [[a]$2 +20 8’ (pentane)] Its NMR spectrum 

was m good accord with the copy of the spectrum kindly supphed by Prof Francke tt 

12 (32%) 2 (13%) 

I b) 4 

a) Aspergrllus nrger b) MnOz&O, 73% 

Scheme 5. Mwobial Oxidation of (-)-Dihydroedulan II 

In conclusion, volanle components from the hanpencils of butterflies, Dthydroedulan II (1, Euploea klugn) 

and dlhydroedulan-l-one (2, Danaus plexrppus) were synthesized m optically active forms, by the 

combmatton of chemical and biochemical procedures 

EXPERIMENTAL 

All b ps and m ps were uncorrected IB spectra were measured as films for 011s and KBr dtscs for sobds on a Jasco IRA-202 
spectrometer ‘H NMR spectra were measured m CDCIs with TMS as the Internal standard at 90 MHz on a JEOL JNM FX-90 
spectrometer or at 400 MHz on a JEOL JNM GX-400 spectrometer Opt& rotations were recorded on a Jasco DIP 360 
polanmeter Mass spectra were recorded on a Hltachl M-80 spectrometer at 70 eV Hltacht 163 gas chromatograph was used for 
GLC analysis Freshly Qsulled tetrahydrofuran (THF) from sodmm-benzophenone ketyl, and dtstdled CHzClz from CaHz were 
employed for anhydrous reacuon Wako Gel B-5F and slhca gel 60 KO’IO-WH (70-230 mesh) of Katayama Chemtcal Co were 
used for prep TLC and column chromatography, respechvely 

w Prof W Francke of Instltut fiir Orgamsche Chemle, Umversltiit Hamburg, kmdly mformed us that the sIgnal =m 
pubhshed m thetr paper was a mlsprmt. and must be corrected to 6 = m 
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signals was 2 98, therefore the c c of (2R,l’RS)-7c was detennmed to be 96% In the case of 7b prepared from Q.S,l’RS)-7a. the 

rat10 of the mtenslty of former four signals and that of lattez four signals was 97 3. the&ore the c c of (2S,l’RS)-7a was confirmed 
to be 94% C&CH(OMTPA) sqnal appwred at 6 1X2,1265 [each 15H. for (lR.l’RS)-RI and 1338 f3I-I. for (lS,l’RS)-7bl 

(2R.I ~S)-4-(2~,6:6’-Tnmcthyl-2’-cyclohurenyl)-2-b~~1 (drhydro-a-wnol) 7a From (2U,l’RS)-7c A mixture of (2R,l’RS)-7c 

(576g,242mmol)and~PS(6g)mphosphatebuffer@H70,O1M,600ml)wasshaLen(cal50cpm)at300CforU)h 
The mixture was extracted w~tb EtOAc A small pomon was analyzed by GLC (column, 15% BDS. 2 m. 6ooc + 3’C/mm. Nz. 0 8 

kg/cm? rt 10 7 mm (2 0%. 7~). rt 12 0 mm (98 096, la) The extract was washed with water, sat NaHCQ aq and brme. dncd 

(Na,SO,) and concentrated m vacua The residue was puntied by Stoz flash wlumn chromatography (400 8) Eluuon wth 

hexanatOAc (10/l) afforded (2R,l’RS)-7a (4 57 g, %%) Its IB and NMB spectrum were Identical wti those of (2RS,l’RS)-7a 

Itsce wasdetarmnedtobe9796mthesamemanna:asdescnbedabove. 
From QS.l’RS)-7b Accordmg to the repmted procedure.” a muture of (2S,l’Rs)-7a (5 56 g. 28 4 mmol), Phg (14 9 g. 56 8 

mmol), 3.5dm~trobenzo1c acld (12 0 g, 56 7 mmol) and &thy1 azod~carboxylate (9 80 g. 56 3 mmol) m THF (150 ml) was stured 

for 12 h at room temp Then the mixture was concentrated m vucuu The residue was punfied by SIOZ flash column 

chromatography (460 g) Eluuon w~tb hexane/BtOAc (20/l) afforded the 3,5_dlmt&enxoate (116 g, quant), IB vmax 3110,1735. 
1630,1645.1280,1170,1130.1075.920.855,820.775.720 cm-l Tlus was dissolved in MeOH (300 ml) and K&Os (10 9) was 

added, then the mixture was SW for 12 h at room temp Water was added to the muture and the resultmg nuxture was stured for 

further 6 h Then the mixture was concentrated m vacua and the resulue was extracted w~tb EtOAc The extract was washed with 
brme, dned (NazS04) and concentrated m vacua The residue was puntied by SQ tlash column chromatography (400 g) Elutmn 

with hexanatOAc (10/l) afforded (2R,l’RS)-7a (5 15 g, 93%. 2 steps) Its IR and NMR spectrum were Ident& wltb those of 

(2RS,l’RS)-7a Its c c was determmed to be 94% m the same manner as described above 

The c e of the combmed (2RS,l’RS)-7a was determmed to be 96% m the same manner 

(1R.l ~S)-l-Methyl-3-(2’6’.6’-~nme~hyl-2’-cyclohucnyl)propyl ptoluenesulfonate 7d. A mrxture of (‘2RS,l’RS)-7a (9 72 g. 49 6 

mmol), TsCl(15 0 g, 78 7 mmol) and pyndme (17 ml) m CH#& (40 ml) was swred under Ar with Ice-coohng for 2 days The 

mixture was d~lutcd with water and extracted wtb EtOAc The extract was washed with sat CuSO. aq, sat Na&JO, aq and brme, 

drted (Na#O4) and concentrated m vacua The residue was puntied by SQ flash column chromatography (420 g) Elutmn with 

hexan&tOAc (10/l) afforded 7d (16 3g. 94%). IB vmax 1600,1175,1100,890,815,780,665,575.555 cm-l. IH NMB 6 0 79 (6H, 

m). 105-l 61 (9H, m), 126 (3H. d, J=5 9 Hz). 159 (3H, br s), 2 42 (3H, s). 4 33-4 76 (1H. m). 5 16-5 41 (1H. m). 7 35 (2H. d, 

J=9 5 Hz), 7 80 (ZH, d. J=9 5 Hz) This was employed for the next step without further punfication 

(lR.1 ‘R+2~+,352)-3-(2’3’-Epoxy-2’.~,~-tn~thyl-2’_c-l -methylpropyl gtoluenes~fonatc 88 and 8b A nuxture of ‘Id 

(16 3 g, 46 6 mmol), MMPP (140 g, 283 mmol) m r-P&H (140 ml) and water (140 ml) was stirred at room temp for 12 h Then 

NaCl was added and the mixture was filtered The filtrate was exated with EtOAc The extract was washed with water, sat 

NaHCO3 aq and brme, dned (Na#O.) and concentrated m vacua The residue WBS puntied by S1Q flash column chromatography 

(420 g) Elutlon with hexaneJEtOAc (5/l) afforded a mixture of 8a and 8b (10 8 g, 64%). IR vmax 1600,1180,1100,900.820,780. 

740,660,580,560 cm-‘, 1H NMB 6 0 71 (3H, s). 0 89 (3H, s), 1 05-2 38 (12H. m). 129 (3H. m), 2 44 (3H. s), 2 90 (lH, br s). 4 32- 

4 89 (lH, m). 7 31(2H, d, J=9 5 Hz), 7 84 (2H, d, J=9 5 Hz) This was employed for the next step without further puntlcatum In 

the prebmuuuy expenment, a small amount (ca 3% of the major dmstereomers) of other &asterecemers of epoxides Judged by its 

IH NMB, was obtamed by the futher elutmn of the chromatography 

(lR.1 ~~~‘R*~‘R*)-3-(223’-D~hydroxy-2’,6’.6’-nunaltyl-2’-cycloheunyl)-l-methylpropyl p-toluenesulfonate 9a and 9b To a soln 
of 8a and 8b (10 6 g. 28 9 mmol) m THF (80 ml) and water (80 ml) was added HClO. aq (37%. 8 ml) at room temp The mixture 

was stmed for 2 days Then powdered NaHCOs was added and the mixture was extracted w~tb EtOAc The extract was washed 

with water, sat NaHCOl aq and brme, dned (Na$?O.) and concentrated m V(ICUO The residue was puntied by SIOz flash column 

chromatography (420 g) Elutlon with hexane/EtOAc (l/l) afforded a mixture of 9a and 9b (6 7 g, 60%). IB vmax 3575, 1600, 
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1500,119O. 118D. 1100.1075.960.915.900, a, 660,X30,555 cm-‘, ‘H NMR 8 0 75.0 80.0 85.0.85 (total 6H. each s), 105-2 30 

(9H, m). 1 15.1 18 (total 3H. each s), 131(3H, d,J=64 Hz), 242 (3H. s). 3 50 (1H. deformed dd,1=26,26 Hz), 4 40-4 70 (lH, 

m). 7 36 (2H, d, J=8 7 Hz). 7 81(2H. d, J=8 7 Hz.) Tbts was employed for the next step w&out ii&~? m-on 

(lRJS,6R,IOR)-(-)-I~,7,7-Te~rame~~l-2~~~cyclo[4 4 Ojdecan-IO-014a and (IS3S,6S,IOS)-(+)-I 3.7,7-Teuamerhyl-2-oxa- 

bacyclo[4 4 O]decan-IO-o1 10 A soln of 9a and 9b (6 70 g, 17 4 mmol) m THF (100 ml) was added drnpwlse to a stmed and ace 

cooled suspension of NaH (2 5 g. 60% m mmeral 011.62 5 mmol, washed with hexane) m THF (50 ml) u&r Ar After sumng at 

7oOC for 2 h, the muture was poured mto lcecooled sat NH&l aq and extracted with EtOAc The extract was washed WI~I water, 

sat NaHC03 aq and brine, dried (Na$O,) and concentrated m vacua The residue was puntied by SIOz flash column 

chromatography (420 g) Eluuon with hexane/EtOAc (10/l) afforded 4a. Thus was recrystallized from hexane to @ve colorless 

needles (1 31 g. 35%). m p 55-56oC (ht.’ m p 58-59°C). [a]# -13” (~12 07. EtOH) [ht.’ [a]uZZ -10” (&I 291, EtOH)]. IR vmax 

3480,298O. 2950.2880, 1450,1380.1375. 1350.1300,1260,1195,1185, 1120,1095.1075, 1045.985,970,940,920,870,845 

cm I, *H NMR (400 MHz, CsDs) 8 0 68 (3H, s). 0 96 (3H, s). 0 96-l 88 (8H, m). 108 (3H, d, J=5 9 Hz), 1 19 (lH, m), 143 (3H, s), 

181 (lH, m). 3 42 (lH, m), 4 01 (1H. dd, J=4 9,117 Hz) (Found. C. 73 23, H, 1113 Calc forC,sH,O, C, 73 54. H, 1139%) 

Its JR and NMR spectra were denncal with those reported previously 1 Ttus was converted mto MTPA ester 4b m a usual manner s 

‘H NMR (400 MHz, CDCI~) 8 3 61 (3H, s) An authenk specimen 4b prepared from (*)-4a 8 3 56 (15H. s). 3 61 (1 5H. s) 

Therefore (-)&I was revealed to be over 99% c e 

Further elutmn afforded 10. This was recrystalhxed from hexane to give colorless needles (1 31 g. 35%). m p 77-78OC (ht.’ 

m p 57-58°C for enr-10). [aID= +8 7’ (c=O 39, Et0I-I) [ht.* [a] ozz -1 5” (c=O 336, Et0I-I) for mt-101, IR vmax 3440.2980.2940. 

2900,1475,1450,1380.1360,1240.1220.1160.1140.1100,1075.1060, 1000,980,970,910,850,820 cm I, lH NMR (400 MHz, 

C,Dd 8 0 92 (3H, s), 1 10 (3H. s), 1 11(3H, d, J=5 9 Hz), 123 (lH, dd, J=3 4.5 9 Hz), 136 (3H, s), 106-l 88 (8H, m), 2 17 (lH, 

m). 3 63 (IH, dd. J=2 9,3 9 Hz), 3 80 (lH, m) Its IR and NMR spectra were Identical with those reported previously for ent-18 1 
(Found C, 73 33, H, 11 18 Calc for CI,HaOz C, 73 54. H, 11 39% ) 

(lR3S,6R)-(-)-I3,7,7-Tefr~elhyi-2~~~cyclo[4 4 O]&can-IO-one 11 To a soln of 10 (936 1 mg, 4 46 mmol) m acetone (30 

ml) was added dropwise a soln of 003 (3 0 ml, 2M m 6N HzSO,,) with sturmg and tcecoolmg The mixture was snrred at room 

temp for 30 mm After dccomposmg excess CrOs by addmon of r&OH, the mlxtmz was concentrated UI vacua The residue WBS 

extracted wah EtOAc The extract was washed with water, sat NaHC& aq and brine. dned (Na$O,) and concentrated m vucuo 

The -due was purdied by SI& flash column chromatography (70 g) Elunon wnh hexane/EtOAc (10/l) afforded 11. Tins was 

recrystalhzed from hexane to @ve colorless pnsms (886 mg, 96%). m p 50°C. [a]n”, -25 8” (c-l 05, EtOH) [ht 1 [a]$ -7 7O 

(c=O727, EtOH)I, IR vmax 1715. 1490,1180,1145, 1115,1090,1070, 1050, 1005,870,850,820,760,650,610,560cm-1, IH 

NMR (400 MHz, CDCb) 8 1 01 (3H, s), 1 16 (3H. d, J=6 4 Hz), 1 13-l 22 (ZH, m). 1 37 (3H, s). 1 54 (3H, s). 1 56-l 67 (3H, m), 

180-l 94 (2H, m), 2 25 (lH, ddd, J=2 9.4 9,15 6 Hz), 2 65 (lH, ddd, J=6 8.13 7.15 6 Hz), 3 69 (lH, m) (Found C, 74 01, H, 

9 72 Calc for C13Hp& C, 74 24, H, 10 54% ) 

(IS,3S.6R)-(-)-I,3.7.7-Tetrame~hyl-2-oxab~yclo[4 4 O]dec-9-ene (drhydroedulan II) 1 Accordmg to the reported procedure,’ 

ketone 11 (886 mg, 4 21 mmol) was converted to (-)-1 (301 mg, 37%). b p 145”C/2 Torr (bulb-to-bulb dlsullatlon), [a]os -26 20 

(c=J 12, pentane) [ht ’ [a]D +0 6” @=I@$ pentane)], IR vmax 3040,2980,2950,2880. 1440, 1390,1370,1340,1280, 1230, 110, 

1095,1070,1020,1000.830,730 cm I. ‘H NMR (400 MHz, CDQ) 8 0 95 (3H. s), 1 03-l 31 (4H. m), 1 07 (3H, s), 1 10 (3H, d, 

J=6 4 Hz), 138 (3H, s), 146-l 64 (lH, m), 176-l 83 (lH, m), 196 (lH, br d, J=l8 5 Hz), 3 32 (1H. m), 5 42 (lH, d, ~~10 3 Hz), 

5 67 (lH, ddd, J=2 4,5 4,10 3 Hz), ‘H NMR (400 MHz. Cd&) 8 0 80 (3H, s), 0 98 (3H, s), 103-l 22 (3H, m), 1 19 (3H, d, J=5 9 

Hz), 1 34-l 45 (2H, m), 153 (3H, s), 1 59-l 65 (lH, m), 178-l 83 (lH, br d, J=18 1 Hz). 3 38 (lH, m). 5 52-5 59 (2H, m) Its IR 

and NMR (m C&.) spectra were ldcnncal with those reported prevu~~sly for 1 ’ MS m/z 194 [18%$, (M’)], 179 (lOO%), 161 (4%). 

119 (22%), 107 (44%), 69 (40%). 40 (25%) MS m/z 194 1678 Calc for C&& 194 1669 GLC (column, 15% BDS, 2 m, 80°C 

+ 3”C/mm. Nz. 0 8 kg/cm2) rt 7 0 mm (single peak) 



7236 T. SUGAI et al 

(IS3&6R)-(+)-I 3.7,7-Terramethyl-2-oxabzcyclo[4 4 O]decl-en&one (&hy&oedulan-&one) 2 and (IS3&6R,8S)-(+)-13.7.7- 

tetramethyl-2s&yclo[4 4 O]dec-9-en&o112 (-)-Dlhydroedulan II (total 127 4 mg, 0 664 mmol, each ca 20 mg) was added to 

a culture broth of Aspergdius tuger16 (100 ml x 7 flasks) and the flasks we!re shakm on a ~yrorotary shake-r (180 rpm) for 2 days at 

30°C The mixture was filtered through a pad of Cehte Both the filtrate and restdue on the filter wa$ exaacted with EtOAc The 

combmed extract was washed with brme, dned (NazSO,,) and concentrated m vacua The nsldue was pm&d by preparative TLC 

(hexan#EtOAc, 2/l) to pve 2 (18 0 mg. 13%) and 12 (44 4 mg, 32%) 

2 [alo= +20 lo (c=O 90, pentane). lR vmax 3040,2980,2950,2880,1680,1480,1440,1385.1365, 1230,lllO. 1080.1065, 

990.825 cm-t, ‘H NMR (400 MHz. CDCl3) 8 I 13 (3H. s), 1 14 (3H, d. J=60 Hz), 1 16-195 (5H, m). 132 (3H, s), 158 (3H, s), 

3 37-3 50 (lH, m), 5 94 (1H. d, J=lO 2 Hz), 6 55 (1H. dd. /=2 0.10 2 Hz), MS m/z 194 1288 Calc for C,sH2&-CH., 194 1305 

(Found C, 74 82, I-I, 9 43 talc for C,,H& C, 74 %. H. 9 68% ) 

12 [a]$ +36 6“ (c=O 77. EtOH), IR vmax 346O.3040.2980.2950,2880,1680,1450.1440,1380.1370.1280.1250, 1230, 

1160,1130,1080,1075,1050,1030,1020,995,875,825.745,660 cm-‘, lH NMR (400 MHz, CDCIs) 8 107 (3H. s), 1 10 (3H. s). 

1 11 (3H, d, 5=64 Hz), 1 17-1 32 (3H. m), 140 (3H, s). 142-l 65 (3H, m). 1 85-l 94 (lH, m). 3 28-3 37 (lH, m). 4 13 (lH, dd. 

J=O 5.2 0 Hz), 5 48 (1H. ddd, 5=2 4.2 4.10 3 Hz), 5 63 (lH, dd, J=2 0. 10 3 Hz), NOE (4400 MHz, CDCI,) &s -ation & 

7 3%. & ~a 3 8% grn. HcI_Ms trradtatton HClaMc 9’1% gam MS m/z 196 1475 Calc for C13HPG&H., 1% 1463 

(IS,3S,6R)-(+)-I ,3,7,7-Terramethyl-2-oxabtcyclo[4 4 Ojdec-9-en-8-one (&hydroedulat&one) 2 A mixture of 12 (19 mg. 0 0856 

mmol) and MIQ (600 mg) m EtzO (3 ml) WBS stured at room temp fa 12 h ‘Ibe mature was filtered through a pad of Cebte and 

the filtrate was concentrated m vacua The residue was purlfled by prepamuve TLC (hexaneiEtOAc. 10/l) to mve 2 (13 0 mg, 

73%). [a]nZZ +20 8” (c=l30, pent&e) Its IR and NMR spectra were Identical with those already obtamed 
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